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FOREWORD

1. This military handbook is approved fo: uae by all departments and agencies of the Deparhnen,
of L'efense (DoD).

2. Beneficial cotnments (rccommendations, adiitionG, deletions) and ony pertinent data that may
be of use in improving this document shouid be addressed to Commander, U. S. Anry
Communicadions-Electronics Command (CECOM), ATTN: AMSEL-RD-SE-PR-CRM, Fort
Monmouth, NJ 07703.5000.

3 As Departmnent of Defense (DoD) systems increase their reliance oin computers, software
comp!exity increases and its criticality grows. Computer software is a riecessary element ir, DoD
systems. The results of D1esert Storm demonstrated the force multiplier that software. provides.
Modem management pract;ces use work breakdown structures to help provide visibility into and
manage risk involved with software developments. An crganization that instruments its process,
infrastructure, and quality will have better management control over resources and associated
risks. The handbook shows how to achieve that objective through existing contractor cost/
schedule control systems by properly structutng the contract WBS, statement of work WBS, and
reporting requirements. The goals are to control software cost by improving software
managemrent and measurement techr.iques and to provide reliable performance reports to the
Government at practical summary levels.

4. The Ada Join! Program Office dctermined that use of WBS for identifying and collecting
software costs would be an effective management tool. As part of a U. S. Army Materiel

.. Ji (,-kA14 ,) .,,dy on the defense software life cycle acquisition process, the U. S. Army

Materiel Command (AMC) Software Task Force Report, 28 February 1989, recommended that an
effective cost reporting and tiacking process be established for controlling and managing software
development and support costs. This study initiated the development of a WBS for software
elements. Additionally, DoD) emphasis was placed on more visible software costs including
modification of MIL-STD-881, Work Breakdown Structures for Defense Materiel Items,
reflecting software visibility requirements.

5. In March 1990, the Software Executive Officials (SEC) established a Software WBS Working
Group. Thc charter, to review and develop a DoD handbook designed to formalize Software
WBSs and recommend changes to MIL-STD-881. This handbook, titled Work Breakdown
Strvcture Elements for Software, improves the situation by providing tailorable guidance through
the use of the detailed software elements and the WBS common framework procedures outlined
in MIL-STD-881B. This handbook assis:s the practitioner with the implementation of Public Law
i02-172, See 8044, that provided, effective July 1, 1992, all new Department of Defense
procurements shall separately identify software costs in the work breakdown structure defined by
MIL-STO-881 in those instances where software is considered a major category of cost.

6. This handbook was developed by the Software WBS Working Group in coordination with the
Joint Logistic Commanders Joint Policy Coordir.ating Group for Computer Resource
Management and the AMC Software Task Force, and with the assistance of the U. S. Army
CECOM Software Engineering Directorate and the Air Force Cost Analysis Agency. Active
participation by the National Security Agency, the Defense Information System Agency, the
Services, the Office of the Secretary of Defense, government software development contractors,
and industry through the National Security lnd-:strial Association and the Electronics Industries
Association brought this hi;gh priority initiative to a successful conclusion.
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1. SCOPE

1.1 Purptose. MIL-HDBK. 171 hereafter referred to as the handbook) provides a framework
for identifying and extending Work Bre.akdown S~ructure elements related to software when
implementing DoD acquisition policy and MIL-STD-881B. This framework provides guidance ,o
Industry and Government to better monitor, track, anaiyze, and estimate the cost of developing
and supporting defense system software. The handbook shows how an acquisition can be planned
and how contractor/developer software management information can be tailored to the specific

requirements of the acquisition.

1.2 Application.

1.2.1 Use. This handbook used in conjunction with MIL-STD-881B provides guidance for
further identifying software costs in the WBS in those instances where software is considered to
be a major category of cost. This handbook is a guide for both contractors and DoD components
(government activities) to further define elements below the software element requirement
established in MIL-STD-881B (Work Breakdown Structure for Defense Materiel Items'), MIL-
STD-881B is the primary source for developing W13.

1.2.2 Focus. Although the need for improved tracking and estimating of software costs has been
widely recognized by DoD system acquisition managers and system development contractors,

cost estimation focused on a WBS where software is considered to be a major part of the
acquisition has not been treated formally. An effec-tive tool for managing and tracking system
development and support activities and related costs is through the WBS. In order to manzge
software zosts, a WBS with emphasis on software must be clearly defined and accounted for
throughout the system life-cycle process. The WBS approach currently defined in MIL-STD-
881B for acquisition of defense materiel items accommodates this need by providing for visibility
of software elements in defense systems acquisitions. Thiis approach is comprehensive yet flexible
so that it can be tailored and augmented with the appropriate software WBS elements depending
upon the nature of the system acquisition.

1.3 Benefits. The primary benefits gained by using the software WBS elements framework
and guidance herein are the following:

a. More effective management practices to reduce sofiware risk.

b. Integration into existing cost/schedule control systems.

c. Linkage to statistical process control and quality management techniques throughout
the software life cycle.

1. Defense materiel items will be refcrred to as defense systems for the remainder of this handbook

-- 1
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d, ItililuencinS Research and Development (R&D) directions based upon lessons learned
it) areas such na technology shortfalls, labor-intensive activities, and environmental
constraints.

e. Accumulation of software cost data to aid the system acquisition and engineering
planning process including cost estimation, scheduling, and staffing.

f. Calibration or construction of formal software cost estimation models.

g. Development ol a cost estimation management framework throughout the software
life cycle for current and future requirements.

h. Provision to increase awareness of the significance and comp!exity of software
activities and related costs.

i.Ability to measure and troubleshoot performance throughout the life cycle including
schedule, costs, distribution of effort, and contractor performance capability.

1.4 Organization of the handbook. The handbook is organized &s shown in Figure 1-1.
Sections 1, 2, and 3 provide the scope, applicable docume~nis, and definitions for th: handbook.

APPENDIX 8 B -
Software

Characteristics

AJ PENDIX Aat7
rrapaationi

auidpanco for
Wes Elemnirt$

for Software -

4.WBS Elemeants
for Software -

ID0ninions

3. Definitions 
..1

FG E1-.MILTARY7 rgniato

HANDBOO



Technical Report Describing Contents of

NUI-L-HDBK.171 (Draft)

1.4.1 Section 4. Software WBS elements. This section describes how a WBS accommodates
software or software intensive programs, It describes in detail the WBS software elements and
their relationship with each other, wiih subsystems, and with common WBS elements.
Repyesentative activities and deliverables for each element are provided as examples. This
section also provides a brief discussion of how the WBS and associated performance
measurement concepts can be used to enhance. program and risk management.

1.4.2 Appendix A. Preparation guidance for work breakdown structure elements for
software. This appendix identifies the importance of collecting software costs and provides
exrmples of a WBS and the applicable approach to identify software elements as it relates to
defense systems programs and contracts formulation. Sample WBS including software elements
for a weapon system and an Automated Information System (AIS) are provided.

1.4.3 Appendix B. Software characteristics data collection. This appe.mdix provides
guidance for collecting data on project characteristics that collectively characterize the software
being developed. These characteristics provide valuable data, which when collected and analyzed
by the program manager (both Government and Industry), reinforces management indicators with
credib:e software resource consumption estimates, A. generalized questionnaire is providcd that
contains data items that are common to many existing software cost estimating models.

3
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2. APPLICABLE DOCUMENTS

2.1 Government Documents.

2.1.1 Specifications, standards, and handbooks. The following specifications, standards, and
handbooks form a part of this document to the extent specified herein. Unless otherwise specifiel,
the issues of these documents are those listed in the current issue of the Departvneit ( Defense
Index of Specdif.Ations and Standards (DODISS).

STANDARDS

MILITARY

MIL-STD-881B Work Breakdown Structures For Defense
Materiel Items

DOD-STD-1467 - Software Support Environrment

DOD -STD-2167A - Defense System Software Development

DOD-STD-2168 - Defense System Software Quality Program

DOD-STD-7935A DOD Automated Information System (AIS)
Documentation Standard

HANDBOOKS

MILITARY

MIL-HDBK-347 Mission-Critil Computer Resources Software
Support

MIL-HDBK-782 Software Support Environment

(Unless otherwise indicated, copies of federal and military specifications, standards, and hand-
books are available from the Standardization Documents Order Desk, 700 Robbins Avenue,
Building #4, Section D, Philadelphia, PA 19111 -5094.)

2.1.2 Other Government documents, drawings, and publications. The following other
Government documents, drawings, and publications form a part of this document to the e'-tent
specified herein. Unless otherwise specified., the issues are those cited in the solicitation.

4
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PUBLICATIONS

Contractor Cost Data Reporting (CCDR)1

AFLCP 800-15 Air Force Logistics Command Pamphlet
AFSCP 800-15 Air Force Systems Command Pamphlet
AMC-P 715-8 - Army Materiel Command Pamphlet
NAVMAT P-5241 - Navy Materiel Command Pamphlet

Cost/Schedule Control Systems Criteria Joint Implementation Guide 2

AFCCP 173-5 - Air Force Communications Command Pamphlet
AFLCP 173-5 - Air Force Logistics Command Pamphlet

AFSCP 173-5 - Air Force Systems Command Pamphlet
AMC-P 715-5 - Army Materiel Command Pamphlet
NAVSO P3627 Assistant Secretary of the Navy (S&L) Pamphlet
DL-AH 8400.2 - Defense Logistics Agency Handbook
DCAA P7641.47 - Defense Contract Audit Agency Pamphlet

DODI5000.2 Defense Acquisition Management Policies
and Procedures

DI-A-3023 Contract Work Breakdown Structure

(Unless otherwise indicated, copies of agency pamphlets are available from the Standardization
Docurmnits Order Desk, 700 Robbins Avenue, Building #4, Section D, Philadelphia, PA 19111-
5094.)

2.2 Non-Government Publications. The foliowing document(s) form a part of this document
to the e.ntcnt specified herein.

PUBLICATION

ANSI/IEEE Std 610.12-1990 Software Engineering Terminology

ANSI/IEEE Sid 1016-1987 IEEE Recommended Practices for Software
Design Description.

(Non - Governneni standards and other publications are ,iormally available from organizations
that prepare or distribute the documents. These documents also may be available in or through li-

braries or other informational services.)

1. This publication is one and the same document for aj 2oini publication numbers listed.

2. Same as note 1.
5
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3. ACRONYMS AND DEFINITIONS

3.1 Acronyms and definitions used in this handbook. The acronyrns used in this handbook
are defined as follows:

ACWP - Actual Cost of Work Performed

AIS - Autorr, ited Information System

ANSI - American National Standards Institute

BCWP - Budgeted Cost for Work Performed

BCWS - Budgeted Cost for Work Scheduled

CASE Computer Aided Software Engineering

C/SCSC Cost/Schedule Control Systems Criteria

C/SSR Cost/Schedule Status Report

CCB Configuration Control Board

CDR Critical Design Review

CCDR Contractor Cost Data Reporting

CDRL Contract Data Requirements List

CI Configuration Item

CM Configuration Management

CFS - Contractor Furnished Software

CLIN - Contract Line Item Number

COTS - Commercial - off - the - shelf

CPR - Cost Performance Report

CSC - Computer Software Component

CSCI - Computer Software Configuration Item

CWBS - Contract Work Breakdown Structure

DID - Data Item Description

DoD - Department of Defense

DODISS - Department of Defense Index of Specifications and
Stand a rds

DSSE Developtmental Software Support Environment

6
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ECP Engineering Change Proposal

EIA, Electronics Industries Association

FCA Functional Configuration Audit

FCHR Functional Cost Hourly Report

FQR Formal Qualification Review

FQT Formal Qualification Test

GFE Government Furnished Equipment

GFS - Government Furnished Software

HWCI - Hardware Configuration Item

ICD Interface Control Document

IDDL Interface Design Document

IEEE - Institute of Electrical & Electronics Eng;neers

IRS - Interface Requirements Specification

KSLOC - Thousand Source Lines of Code

LL Lower Levels

LCSSE - Life Cycle Software Support Environment

NOR - Notice of Revision

OT&E Operational Test and Evaluation

PCA - Physical Config .ration Audit

PDR Preliminary Design Review

PDL - Program Design Language

PM - Project Manager *

PMP Prime Mission Product

POI Program of Instruction

QDR Quality Deficiency Report

R&D - Research and Development

RFP - Request for Proposal

SCN - Specification Change Notice

SDD - Software Design Document

7



Ttchnical Report I)escribing Contents of

MIL-HD•K.171 (Dffft)

SDF Software Development File/Foller

SDL - Softy/are Development Library

SDP- Software Development Plan

SDR - Systems Design Review

SDRB Solicitatioa Data Review Eoard

SOW Staiement of Work

SPCR Software. Froblem Change Report

SOL Structure Query Language

SQPP Software Quality Program Plan

SRR - System Requirements Review

SRS - Software Requirements Specification

SSA - Software Support Activity

$iGFj - Software Standards .and Procedure Manual

SSR - Software Specification Review

STI - Software Test Report

STD - Softwre Test Description

STP - Software Test Procedures

TCM - Total Quality Management

TRR - Test Readiness Review

'VDD - Version Description Docurnert

WBS - Work Bm~akdown Structure

8
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3.2 Application sol'&ware. ANSI/AEEE Std 610.12 - 1990: "Software designed to fulfill
specific needs of a user; e.g., software for navigation, payroll, or process control. Contrast with:
system software."

3.3 Conmou WRS elments. These are WBS elements that are applicable to all types of
defense systems (e.g., data, training, system engineering/program management, peculiar support
eqaipment, industr'al ftci!itie, The definition for the common WBS elements are provided in
Section Ill of MIL-STV-881B.

3.4 Contract work breakdown structure (CWBS). MIL-STD-881 B: "Contract work
breakdown structure is defined as the complete work breakdown structure fot a conlract; i.e., the
DoD appioved work breakdown structure for reporting purposes and its discretionary extension to
the lower levels by the contractor in accordance with this standard [MIL-STD-881B" and the
contract work statement." This handbook generally is referring to CWBS.

31S Contractor. DODI.5000.2: "An entity in private industry that enters into contracts with
the Government. In this instruction, the word may also apply to Government-owned,
'Y~ :~r-~'-^,- _'rated activities that perform work on major defense programs."

3.6 Cost analysis activity. The command activity responsible for cost estimating, monitoring,
and providing assistance with cost reporting selection criteria. The cost analysis activity also
provides assistance in developing contract peculiar clauses and data requirements selection.

3.7 Design entities. ANSI/IEEE Std 1016-1987. "A design entity is an element (corrporent)
of a design that is structurally and functionally distinct from other elements and that is separately
named aLid referenced. Design entities resdt from a decomposition of the software system
requirements. The objective is to divide the system into separate components that can be
considered, implemented, changed, and tested with minimal effect on other entities". De.sign
Entitie, include objects, CSC(s), modules, classes... etc..

3.8 rirmware. DOD-STD-2167A: "The combination of a hardware devike and computer
instructions or computer data that reside as read-only software on the hardware device. The
software cannot be readily modified under program zontrol."

3.9 Prouring activity. DODI.5000.2: "The sut-ordinate command in which the Procurement
Contracting Officer is located. It may include the program office, related functional support
offices, and procurement offices. Examples are the Army Missile Commaud, Naval Sea Systems
Command, and Air Force Electronic Systems Division."

9
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3.10 Progrern work breakduwn structure. MIL-STD-881B: "Covers ;he entire acquisition
cyole cf a program and consists of at least the first three. evels of a WBS prescribed by MIL-STI-
881B and its eýctension by ýhe DOD component and/or contractor. The program WBS has
unifonn e!emeat terminology, definition, and placement in the family-tree structure. These levels
hsve been orgRn'zed within the following cetegories of defense materiel i:ems:"

a. Aircraft systemw

b. Electronic/Automated software systems

c. Micsmie systems

d. Ordnance

e. Ship syst,-ms.

f. Space systems.

g. Suriace vehicle systems

3.11 Software support activity (SSA). MIL-HDBK-347: "The DoD or military service

organization responsible for the software support of designate:d MCCF.s" (Mission - Critical
Computer Rtzources). This docurment expands on this definition to include non-mission critical
computer resource systems which includes AIS.

3.12 System software. ANSI/IEEE Std 610.12 - 1990: "Software designed to facilitate the
operAtion and maintenance of a computer system and its associated programs; e.g., operating
systems, built in test, utilitie5 which executes as part of the system. Contrast with: application
software.'

3,13 Work breakdown structure (WBS). MýL-STD-8813: "A product-oriented family tree

composed of hardware, scftware, services, data, anid facilities which results from system
engineering eiforts during the developmrnt and prr'dvction of a defense materiel item, and which
completeiy defines the program. A work breakdown structure displays and defines the product(s)
to be developed or produced and relates thr elements of work to be accomplished to each other
andi to the end product."

10



717 1R P7

Technical Report Describing Conteits of
MIL-HDBK-171 (Draft)

4. WBS ELEMIENTS FOR

SOFTWARE DEFINITIONS

4.1 WBS ovtrview. The work breakdown structure is the basis for communication
throughout the acquisitioin process. It provides the common link unifying the planning,
scheduling, cost estimating, budgeting, contracting, configuration managemen~t, and performance
reporting disciplines. A typical work breakdown structure for a defense system composed of
h3rdware, software, and common WBS elemeiuts (i.e., system engineering/program management
anid system test and evaluation, ... etc.) is illustrated by figure 4-1. The elements identified in this
figure are represented generically. The actual elemert nomenclature would be specified for the
pprticular defense system category; e.g., aircraft system, electronic system, or ship system.

system System Test
PM 0 Engnewering/ end

Prograam Mgmt Evaluation

Comimon WSS Elements

WD~ inCttaegDraaeqtreensnt

4.2 Dfens Systm. Te defnse system ecmAssesmallyh, rmeMsinrdc

subsysem musobeoientife eaaeywt t soitdhrwr n otaecmoet

''navigation/guidance'').n

FIGRE4-. ypca dfene ysemWB oerie
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Subordinate to the PMP are the hardware subsystem and software (application and system)
elements. Each subsystem (i.e., sensors, communications, or navigation/guidance) can be an
aggregation of hardware and software component. Each WBS element for software is composed
of one cr more builds and is further defined as a Computer Software Configuration Item (CSCI).
The software extension is further described in this handbook.

4.2.1 Prime Mission Product (PMP). The PMP element refers to the hardware and software
used to accomplish the primary mission of the defense materiel item. It includes all integration,
assembly, test and checkout, as well as all technical and management activities associated with
individual hardware/software elements. Also included are integration, assembly, test and
checkout associated with the overall PMP. When the electronic/automated software system
comprises several PMPs, each will be listed separately at the same level. Also included are all
whole and partial prime contractor, subcontractor, and vendor breadboards, brassboards, software

prototypes and qualification test units. It also includes the design, development and production of
complete units (i.e., the prototype or operationally configured units which satisfy the
requirements of their applicable specification(s), regardless of end use). It excludes only those
"less than whole" units (e.g., test, spares, etc.) consumed or planned to be consumed in support of
system level tests. This element also includes factory special test equipment, special tooling,
development software support environment, and production planning required to fabricate the
rovir naruiwar; anu soitware. Duplicate or modified factory special test equipment and/or
programming support environment delivered to the government for depot repair and post
deployment software support is excluded and should be included in the peculiar support
equipment element.

4.2.1.1 Subsystem. This element refers to all hardware and software components of the
specific subsystem, including all associated special test equipment, special tooling, production
planning, programming environments and all technical and management activities. The software
component element consists of the applications and system software required to direct and
maintain the specific subsystem. All effort directly associated with the remaining same level and
the integration, assembly, test and checkout of these elements into the PMP is excluded.

4.2.1.1.1 Hardware Component. This element refers t6 the mechanical, electrical, and
electronic items of the particular subsystem. The software component element refers to all
software that is an integral part of the hardware subsystem specification or specifically designed
and developed for .isystem test and evaluation.

4.2.1.1.2 Software Component. This element refers to all software that is an integral part of any
specific subsystem specification, for example navigation/guidance, laun,' ;, and control, radar,
sensors, data displays yroll and personnel. This excludes software that is specifically designed
and developed for system test and evaluation. This software can be an aggregation of application
and system software.

12
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4.2.2 PMP software WBS elements. The following is a description of the PMP software
WBS elements defined within the WBS framework. The software WBS elements are described
generically and apply to each type of defense system specified in MIL-STD-881B. The
associated activities and deliverables1 for which the cost data are collected are listed with each
software WBS description. All formal products and deliverables will be specified as per DD
Form 1423, prepared in accordance with DOD-STD-2167A, DOD-STD-1467, or other applicable
standards and tailored to the specific application, Although the lower level software elemenLs are
depicted as being associated with the PMP application software in figure 4-2, they are represented
and described generically and apply as well to the respective lower level for the subsystem
component software element and for the PMP system software element. A distinction is made
between reog.r.tngand Collecting data. This is disussed in section 4.3.1 and other sections. When
reusable software such as commercial-off-the-shelf (COTS) or Government Furnished Software
(GFS), or software specifically developed for reuse, are used throughout the system, the cost
associated with the development, integration, and maintenance should appear only once and be
noted in the appropriate software WBS element. (Note: COTS, GFS, and reused software costs
associated with integration and test should be counted every time it is integrated and tested in the
different applications. Costs should be counted only once for development and maintenance.)

J ?.? 1 PMP application software. Application software is defined as softwarc that is
specifically produced for the functional use of a computer system (Ref. ANSI/IEEE Std 610.12-
1990). Examples are battle management, weapons control, and data base management. This
element refers to all tffort required to design, develop, integrate and checkout the PMP
applications, builds and computer software configuration items (CSCIs), not including the non-
software portion of PMP firmware development and production. This excludes all software that
is an integral part of any specific hardware subsystem specification. It is important to note that all
software that is an integral part of any specific hardware subsystem specification or specifically
designed and developed for system test and evaluation should be identified with that system or
subsystem. hen software is part of a system or subsystem, it may be appropriate to collect lower
level information when it exists. In such cases, the structure defined in figure 4-2 should be used.

4.2.2.2 PMP system software. System software is defined as software designed for a specific
computer system or family of computer systems to facilitate the development, operation, and
maintenance of the computer system and associated programs (i.e., operating systems, compilers,
and utilities (refer ANSI/,EEE Std. 610.12-1990). This element refers to all effort required to
design, develop, integrate, and check out the system software including all software developed to
support any PMP application software development. This excludes all software that is an integral
part of a specific hardware subsystem specification or specifically designed and developed for
system test and evaluation. The system software can consist of multiple software builds. The
structure shown in figure 4-2 should be used when lower level information is desired.

1. Activities and deliverables listed arm provided as typical examples only and do not preclude any contract

dependent requirements (i.e., all DOD-S"D-2167A dta requirements).
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4.2.3 lategrattoii, Assembly, Teat and Checkout. In those instances in. which an
integration, assembly, test and chtckout element (figure 4-3) is used eAppien1dices A thrcagh G of

MIL-STD-881B), it will include all effort of technical ana functional activities associated with the

design, development, and production of a development sottware support -nvironnen'. and support
software required to assemble the equipment (hardware/.software) elements into a prime mission
procduci (hardware/software) as a whole arid not directly part of any other individual element.

Integration. as3embly, test and checkout includes all effort assocbited with the following:

Integration of PMP software
* The conduct of production (hardware/software) acceptance testing
* Acquisition and development of Deveiopment Software Suppoit Environment

(DSSE).

When an integration, assembly, test and checkout element is utilized at iower levels of the
contract work breakdown structure, it will be summarized into the next higher level equipment
(hardware/sof:ware) work breakdown structure element and should never be summarized direcdy
into a level 3 integration, assembly, test and checkout element. In the case of software, the

integration, test and checkout activity at the CSCi level and below should be ir.ciuded at the levels
as shown in this handbook. The structure, shown in figure 4-2 should be used whzn it is desired to

S.........! information.

T

ntog~afion,

FIGURE 4.3. Integration, Assembly, Test
ana nCheckout WBS

4.2.3.1 Development Software Support Environment (DSSE). This refers to all computer
hardware and support software that is specifically developed or acquired to develop the mission
software. Included in this element, e.g., are compilers, loaders, CASE tools, metric tools,

softwaie licenses and other computer resources that are determined to be essential in developing
the mission software. The cost associated with this element is considered part of the CSCI it
supports, or if more than one CSCI is involved it should be identified as a DSSE element and
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included under the integration, assembly, test rind clheckout element, I•cluded in this element is
the cost for maintaining and operaiing the software reuset library.

If the DSSE equipment is to be transiticned to the .3ov-rnment for post deployment software
support, the cost associated with the acquisition should be included in this element and only
appear once. If this equipmncrt is to be duplicated or modified, then the additional cost should be
includ..d in the Life Cycle Software Support Environment (LCSSE) element which is applied to

the commor. clement Peculiar Support Equipment.

4.3 Software development approach. Software development is a compler. process,
Fypically consisting of a number of parallel developments at the subsystem le% el. For many
projects the development process is a series of parallel ac:ivities with -everal individual sub-
system software products undergoing development at any one tirre. lin a software developml-nt
cycle lower level software elements (figure 4-2), can be replicated within a project many times
depending on the complexity of development. The complexity of the development process can be

managed and controlled by decomposing and organizing the system into smaller deve!opment
subsystem software components or builds. The builds provide a snapshot of the system at any
point in the acquisition process. This affords the developer an opportunity to gauge overell
progress before the system is complete. The system can also be put into operation in increments or
builds as a series of tested and delivered capabilities tha! are integrated throughout the system life
cycle. These may be further organized into CSCIs, which are products that meet specific program
requirements. The software WBS elements described in this handbook permit aecomposition of
the software project from a system to prime mission products.

In software development as with many engineering disciplines, the product decomposition
below the CSCI level is performed by softwzre professionals (such as designers, coders). The
software product is a token that is passed along. Software is refined and eIaborated from tile
software requirements analysis, the specification, the design, the code.

The initial partitioning of the requirements is the raw material from which the design and
ultimately the code evolve. The requirements specification and design are integral to the software
product. This is readily apparent when Ada program design language (PDL) is used. Software is
the refinement and elaboration of the requirements and the design. These lower levels do not
imply a design methodology, but rather they are data taps into any process, (e.g., waterfall,
spiral, incremental, evolutionary). These taps are methodology independent. Figure 4-4 is an
example of software WBS lower level extension related to a spiral model. The software WBS
elements are primarily related to the software development process for a defense system.
Examples of their associated Lower Level (LL) are described and delineated giaphically in more
detail throughout the following subparagraphs. This handbook also applies to the development or
support of deliverable, software to be implemented in firmw.,re. The WBS software elemenis do
not apply to the development of the hardware element of firmware.

16



W~ww_-..

IN

* A
C6 U)

i.

.- ...H .... ...

17



Technical Report Describing Contents of
MIL-HDBK-171 (Draft)

4.3.1 Software lower level extensions. The software element of the defense system can be
further decomposed at the CSCI level and below as illustrated in figure 4-2. The software WBS
elements, as identified in this handbook, provide insight into and consistency in software
management information including cost and schedule tracking at or below the CSCI level. This
handbook provides a common reference framework within which contractors developing or
supporting software plan or report the cost data associated with elements of software development
and support practices. It is recommended that contractors collect cost management information
associated with software lower level elements. Software cost and schedule reportin will be to a
level appropriate to the risk, cost, schedule, and interest of the program. The lower level
extension for software WBS elements is used as a common collecting framework, consistent with
DoD software development and acquisition policy.

4.3.2 Software build. A software build is an aggregate of one or more CSCIs that satisfies a
specific set or subset of requirements based on development of software as defined in DOD-STD-
2167A. When an incremental, spiral, or other software development method is used, multiple
builds may be necessary to meet program requirements. A build is a separately tested and
delivered product. Within builds are CSCls. When a build is complete, a portion or all of one or
more CSCI will be completed. Therefore, a CSCI may appear in more than one buila, but will be

, , nr-- fntional as each build is completed.

43.3 Computer software configuration item. An aggregation of software or any of its
discrete portions that satisfy an end use function and have been designated by the Government for
configuration management. CSCIs are the major software products of a system acquisition that
are developed in accordance with DOD-STD-2167A. This includes reusable software
components such as commercial off-the-shelf software, Government-furnished software, or
software specifically developed for reuse. The CSCI element can be composed of design entities
consisting of computer software components (CSCs) per DOD-STD-2167A, or objects, classes
modules, etc. The distinct parts are functionally or logically identified by engineering decisions
for convenience in designing and specifying a complex CSCI. It includes the effort associated
with the requirements analysis, design, coding and testing, design entity integration and testing,
CSCI testing, and software problem resolution of each CSCI.

4.33.1 Requirements analysis. This applies to the system requirements (as it pertains to
software) and software requirement analysis activities as stated in DOD-STD-2167A. The
software requirements analysis is the process by which a complete set of engineering and
interface requirements are defined for each CSCI. Representative activities and deliverables are as
follows:

Activities:
• Analysis of preliminary software requirements.

• Identification and allocation of software requirements into CSCIs.
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"* Analysis of preliminary interface requirements.
"• Identification and resolution of interfane requirements.

Deliverables: Formal deliverables are specified in DD Form 1423.
"• Formal minut&- ofreview meetings, including presentation materials.
"• Interface Requirements Specifications (IRS).
"• Software Requirements Specification (SRS).
"* Software requirements analysis technical reports.

(For the formal deliverables, costs associated with the administrative preparation, review, and
distribution are excluded. These costs are included in the appropriate data WBS elements.)

4.3.3.2 Design. Software design is the process of decomposing a high-level abstract
req,:icement into lower level software elements. Preliminary design and detailed design activities
are accomplished to map out high-level as well as low-level strategies for allocating requirements
from Software Requirements Specifications (SRSs) and Interface Requirements Specifications
(IRSs) for each CSCI to design entities, e.g. objects, classes, modules, CSC(s), etc.
Representative sample activities and deliverables are as follows:

Activities:
"• Creating and maintaining Software Development Files/Folders (SDFs)
"* Analysis of preliminary software design.
". Derive and map out high (top) level software design specifications.
"* Devise and map out low level (detailed) software design specifications.
"* Analysis of preliminary interface design specification.
" Define and describe interface design specification.
"• Generate input to software test planning.
"• Formahize test requirements for design entities.

Deliverables: Formal deliverables are specified in DD Form 1423.

"* Formal minutes of review meetings, including presentation materials.
"* Design analysis technical reports.

(For the formal deliverables, costs associated with the administrative preparation, review, and
distribution are excluded. These costs are included in the appropriate data WBS elements.)

4.3.3.3 Coding and design entity testing. Software coding is the process of creating a
representation of the software design into a program language that may then be converted
mechanically (i.e., by compilation) to an acceptable machine-executable representation. Each
design entity is coded and subsequently tested to ensure that it satisfies its specific requirement.

Representative activities and deliverables are as follows:
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Activities:
"* Maintaining SDFs.
"* Coding and compiling activities.
"* Conduct testing and analysis.
"* Code walk-through activities.

* Performing compliance checks to coding conventions.
* Developing lower level design entities test and integration procedui-s,

Deliverables: Formal deliverables are specified in DD Form 1423.

* Source code listings.

* SDFs.

(For the formal deliverables, costs associated with the administrative preparation, review, and
distribution are excluded. These costs are included in the appropriate data WBS elements.)

4.3.3.4 Design entity integration and testing. Integration or building of designt entities into a
CSCI is performed and testing of lower level threads is conducted to verify that algorithms and
data employed in interfacing each design entity is correctly specified and implemented. This
oi uicb wliic ,cumbined into larger builds, they demonstrate compliance with stated
customer/user requirements. Representative activities and deliverables are as follows:

Activities:
"* Perform design entity integration analysis.
"* Perform design entity build and lower level thread testing.
"* Record test results.
"• Perform dry run of formal.qualification tests documented in Software Test Description

(STD).

Deliverables: Formal deliverables are specified in DD Form 1423.

* Formal minutes of review meetings, including presentation materials.
* Integration and test analysis engineering notes.

(For the formal deliverables, costs associated with the administrative preparation, review, and
distribution are excluded. These costs are included in the appropriate data WBS elements.)

4.3.3.5 CSCI testing. CSCI testing is the process of demonstrating to the procuring activity that
the CSCI can perform correctly under the full range of operating conditions specified in the
requirements documentation and that each CSCI satisfies its specification requirements.
Representative activities and deliverables are as follows:

Activities:
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"* Conduct formal qualification tests.
"* Conduct test analysis and record test results.
"* Generate input to the Software Test Reports (STRs).

Deliverables: Formal delivermbles are specified in DD Form 1423.
* Formal minutes of review meetings, including presentation materials.
0 Formal qualification test descriptions.
* Qualification tests analysis engineering notes.

Software problem change reports.
(For the formal deliverables, costs associated with the administrative preparation, review, an6
distribution are excluded, These costs are included in the appropriate data WBS elements.)

4.3.3.6 Software Problem Change Report (SPCR) resolution. SPCR resolution, also known as
rework (figure 4-5), is the process of analyzing and correcting software problems. The problem may be
as a result of logic deficiencies, nor, compliance with previously defined requirements and design
specifications, or clarifications and other changes to previously defined requirements and design
specifications. This reporting element begins once the software has been placed under development
baseline control after the conduct of formal qualification testing but prior to Government/customer
acceptance. The level of efforts related to redesign, recoding, and testing are included in the WBS
elements described below. The level of efforts associated with the common WBS element activities such
as software data, software quality assurance, and software configura!',on management incurred during the
problem resolution process are included in the appropriate common WBS software elements.

D gEtky g.. aIo

FIGURE 4-S. SPCR resolution WBS straeture

4.3.3.6.1 Redesign. Redesign is the process of analyzing and modifying the software component
abstractions based on the SPCR. This element includes the idenification of deficiencies and reallocation
of software component stiuctures to comply with the previously defined requirements and specifications.
Representative activities and deliverables are as follows:

Activities:
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* Analyze the software prcblm report identi ted arid reported.
Make necessiry corrections in design.

Delivernbles: Formal deliverables are specified in DD Form 1423.

* Updated desig, specifications.
* Design analysis engineering notes.

. Formal rainutes of review meetings.

(For the formcl deiiverables, costs associated with the adminmstradive preparation, review, and
distribution are excluded. These costs are included in the appropriatc data WES elements.)

4.3.3.6.2 Recoding and design entity testing. Reroding is the process of recreating the
representation of the new or modified software design into the established programming language.
Ail applicable design entities are recoded, tested and integrated to ensure that the identified problems
are resolved and that the specific requirements are satisfied. Representative activities and
deliverables axe zs follows:

Activities:

* Update software development files/folders (SDFs).

• Recoding and recompiling activities.

. Design entity testing, and analysis.

* Code walk-through activities.

"Performing compliance checks to coding conventions and software quality metrics.

* Update lower level entity test and integration procedures.

Deliverab.es: Formal deliverables are specified in DD Form 1423.

* New source code listings.

Updaed software development files/folders.

(For the formal deliverables, costs associated with the administrative preparation, review, and
distribution are excluded. 1hjese costs are included ini the appropriate data WBS elements.)

4.3.3.63 Pesign entity reintegratlon and testing. Reintegration of applicable design entities is
performed. Testing is once again conducted to verify that modifications to algorithms and data
emp!oyed in interfacing each entity are correctly specified. Also, additional testir.g is conducted to
ensiire that modifications made to the software have not introduced new errors. Representative
activities and deliverabies srr as follows:

Activities:
"* Update input to software test plrnning.
" Redefine software test case as appropriate.
". Establish new test procedures where necessary.

". Perform design entity Ye-integration analysis.

* Maintain SDFs.
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It Perform entity rmbuild and retest.

Deliverables: Formal defiverables are specified in DD Form 1423.

* Integration and test analysis engineering notcs.

' Test documentation

(For the formal deliverables, costs associated with the edministrative preparation, review, and
distribution are excluded. These costs are included in the appropriate data WBS elements.)

4.3.4 CSCI to CCI integration and checkout. This element includes integration and test
verification and validation of the CSCIs. CSCI acceptance is performed and thread testing is
conducted to verify that the algorithms and data employed for interfacing each CSCI are correctly

specified and implemented so that they can demonstrate compliance with stated requirements.
Representative activities and deiverables are as follows:

Activities:

* Generate input to software test plans, descriptions, and procedures.

* Define software test cases.

* Perform CSCI integ-ation analysis.

* Perform scftvware build and test.

• Update SDFs.

Deliverables: Formal deliverables arc specified in DD Form 1423.

"* Formal minutes of review meetings, including presentation materials.
"* integration and test analysis engineering notes.
"* Source code listing.

(For the formal deliverables, costs associated with the administrative preparation, review, and
distribution are excluded These costs are included in the appropraite data WBS elements.)

4.4 Common work breakdown structure elements. These level 2 elememts are common
to all types of defer..se systems, as specified in MIL-STD-881B. The common elements
encompass the areas of system engineering/program management, system test and evaluation, and
training, etc. MIL-STD-881B groups several elements into a collection referred to as Common
WBS (refer to figure 4-6). Examples of their associated level 3 and lower level software element
extension, where applicable, are described and delineated graphically in more detail throughout
the following subparagraphs.
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LEVEL 1

LEVEL 2

Test iing Trai~ng Dae Sp or t O

FIGURE 4-6. Common WES elements

4.4.1 System engineering/program management. System engineering/program
m~nucorfnm•- (fm-r,r• 4-7) refers to the software related activities associated with the overall

system engineeing, technical control, and business management of the particular program. This
includes planning, directing, and controlling efforts of design engineering, reliability engineering,
maintainability engineering, human factors engineering, logistics engineering, speciality
engineering, software engineering, production engineering, and integrated test planning. The
program management elements include planning, directing, coordinating, and monitoring the
development and support efforts associated with the total system software.
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Mangn Ia I• I Awaa MangemmI

FIGURE 4-7. System engineering/program management WBS

4.4.1.1 Software project management. Software project management refers to the business
and administrative planning, organizing, directing, coordinating, controlling, and approval actions
designated to accomplish overall project objectives that are associated with specific software
elements. Representative activities and deliverables are as follows:

Activities:
" Define and prepare overall task execution plans and project milestones.
" Monitor and direct various project activities.
" Prepare and report project progress and status.
" Control project cost-related activities.

Prepare and report project funding expenditures.

Direct and participate in all system and activity review meetings as necessary.

Prepare and report software metrics data and status.

Support & faciitate Government software review teams.

Deliverables: Formal deliverables are specified in DD Form 1423.

* Prepare formal responses to Government queries.

* Prepare and submit progress reports.
(For the formal deliverables, costs associated with the administrative preparation, review, and
distribution are excluded. The-se costs are included in the appropriate data WBS elements.)

4.4.1.2 System engir eering. The system engineering element is defined as the technical and
management efforts of directing and controlling an integrated engineering effon of a system of
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program. This element encompasses the system engineering effort to define th,, system and the
integral planning and control of the technical program efforts of design engineering, specialty
engineering, production engineering, and integrated test planning. This element includes, but is
not limited to, the system engineering effort to transform an operaticrnal need or statement of
deficiency into a description of system (hardware/software) requirements and a preferred system
configuration and the technical planning and control effort for planning, monitoring, measuring,
evaluating, directing, and replanning the management of the technical program. It specifically
excludes the actual design engineering and the requirements analysis below the CSCI level.
Representative activities and deliverables are as follows:

Activities:

* System level definition and requirements analysis.

* Design integrity analysis.

* Preparation of systems engineering management plan and specification.

* Program risk analysis.

* Participate and crcnduct technical reviews (e.g., system requirements reviews, system
design reviews).

Deliverables: Formal deliverables are specified in DD Form 1423.
-* 1.-nI1mIAL review of engineering notes.

"* System engineering management plan.

"* Technical reports and system engineering analysis notes.

(For the formal deliverables, costs associated with the administraiive preparation, review, and
distribution are excluded. These costs are included in the appropriate data WBS elements.)

4.4.1.2.1 Software engineering management. The software engineering element refers to the
technical and management efforts of directing and controlling the total software related
engineering effor: of a system. This inclLJes planning and control of all defense system software
engineering efforts, excluding the actual design, and some hardware engineering efforts to the
extent of their direct relationship to and impact on the software engineering efforts. This element
also includes analysis to determine the best allocation of system requirements between hardware,
software, and personnel in order to partition the system into hardware configuration items
(HWCIs) and CSCIs. Representative activities and deliverables are as follows:

Activities:
"* Analyze system definition and requirements,
"• Preparation and execution of Software Specification Reviews (SSRs).
"• Prepare inputs to the systems engineering management plan.
"• Define technical performance measurements.
"* Participate in technical review meetings.
"• Define intrasystem and intersystem compatibility.
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"* Perform risk analysis.
"• Preparation and execution of software preliminary, critical, design reviews etc.
"* Evaluate the impact of engineering change proposals (ECPs) on defense system

software.

Deliverables: Formal deliverables are specified in DD Form 1423.
"* Formal minutes of review meetings, including presentation materials.
"* Software engineering management plan.
"* Technical reports and software engineering analysis notes.

For the formal deliverables, costs associated with the administrative preparation, review,
and distribution are excluded. These costs are included in the appropriate data WBS elements.)

4.4.1.2.2 Software quality assurance. Software quality assurance includes those tasks that
ensure compliance with the Government requirements for development and implementation of
the contractor's software quality program. This program ensures the quality of (1) deliverable
software and its documentation; (2) the processes used to produce deliverable software; and (3)
non-deliverabie software as specified in DOD-STD-2168. Representative activities and
r1Pl;vs-,hlo-c qrp RS follows:

Activities:
"* Generation or revision of the Software Quality Program Plan (SQPP)
"* Participates in the Software Development Plan (SDP) development and review.
"• Participation in Verification and Validation (V&V) support.
"• Participation in formal reviews and audits.
"* Conduct ongoing software quality evaluations of processes used in software

development.

* Prepare and maintain records of software quality activities.
"* Monitor the timeliness and appropriateness of software corrective actions.

Deliverables: Formal deliverables are specifiedin DD Form 1423.
"" Functional Configuration Audit (FCA) Report.

(For the formal deliverables, costs associated with the administrative preparation, review, and
distribution are excluded. These costs are included in the appropriate data WBS elements.)

4.4.1.2.3 Software configuration management. Software configuration management is a
discipline applying technical and administrative direction and surveillance to (1) identify and
document the functional and physical characteristics of CSCIs; (2) control changes to CSCIs and
their related documentation; (3) audit CSCIs to verify conformance to specifications and Interface
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"Control Documents (ICDs); and (4) record and report change pro.essng and implementaticn
status information.

Activities:
"* Conduct and maintain configuration status accounting.
"* Develop baseline and version control for each CSCI.

Participate in and provide input to FCA.

* Participate in and provide input to Physical Configuration Audit (PCA).

* Preparation of ECP.

* Preparation of Specification Change Notices (SCN).

• Generate inputs to the Software Configuration Management Plan.

Preparation of Notice of Revisions (NORs)

• Generate inputs to Version Description Documents (VDDs).

* Participate in Configuration Control Board (CCB) meetings.

Delverables: Formal deliverables are specified in DD Form 1423.

* Configuration status accounting and engineering reports.

• Version control reports.

* Configuration management plan.

(For the formal deliverab!es, costs associated with the administrative preparation,
review, and distribution are excluded. These costs are included in the appropriate data
WBS elements.)

4.4.2 System test and evaluation. The system test and evaluation element (figure 4-8) refers
to the use of prototype, production, or specifically fabricated hardware/software to obtain or
validate engineering data on the performance of the system during the development phase

(normally funded from RDT&E) of the program. This element includes the detailed planning,
conduct, support, data reduction and reports (excluding the Contract Data Requirements List

(CDRL) data) from such testing, and all hardware/software items which are consumed or planned
to be consumed in the conduct of such testing. It also includes all efforts associated with the
design and production of models, specimens, fixtures, and instrurrentation in support of the
system level test pyogram. NOTE: Test articles which are compk.,e units (i.e., functionally
configured as required by specifications) are excluded from this work breakdown structure
element. All formal and informal test-ig up through the subsystem level which can be
associated with the hardware/software element are excluded. Acceptance testing is also
excluded. These excluded efforts sre to be included with the appropriate hardware of
software elements.
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FIGURE 4-8. System te.st and evaluation WBS

4.42.1 Development test and evaluation. The development test and evaluation element refers
to the test and evaluation corducted to: (1) demonstrate that the enginee'ing design and
development process is complete; (2) demonstrate that the design risks have been minimized; (3)
demonstrate that the system will meet 3pecifications; (4) estimate the systcr 's military utility
when introduced; (5) determine whether the engineering design is supportable (practical,
maintainable, safe, etc.) for operational use; (6) provide test da-'" with which to examine and
evaluate trade-offs against specification reqaiirements, life cyc!. cost, and schedule; and (7)
perform the logistics testing efforts to evaluate the achievement of supportability goals, the
adequacy of the support package for the system, e.g., deliverable maintenance tools, test
equipment, technical publications, maintenance instructions, and personnel Akills and training
requirements etc. Development test and evalu.t ion includes all ccntractor in-house effort and all
effort of planning, conlucting and monitoring by the developing agenicy of the DoD Component.

All programs, where applicable, include models, tests and associated simulations such as wind
tunnel, static, drop, and fatigue; integration ground tests; test bed aircraft and associated support;
qualification test and evaluation (QT&E), aevelopment flight test, test instrumentation,
environmental tests, ballistics, radioiogical, range and accurocy demonstrations, test facility
operations test equipment (including its supporn equipment), chase aircraft and support thereto,
and logistics testing.

For aircraft, include avionics integration test composed of the following: (1) test bench/
laboratory, including design, acquisition, and installation of basic computers and test equipments
which will provide an ability to simulate in the lsborasory the operational environment of the
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avionics system/subsystem; (2) air vehicle equiprment, consisting of the avionics and/or other air
vehicle subsystem module-s which ar required by the bench/lab or flying test bed in order to
provide a compatible airframe avionics system/subsystcin for evaluation purposes; (3) flying test
bed, including requirements analysis, design of modifications, lease or purchase of test bed
aircraft, modification of aircraft, installation of avionics equipment and instrumentation, and
checkout of an existing aircraft used essentially as a flying avionics laboratory; (4) avionics test
program, consisting of the effort required to develop test plans/procedures, conduct tests, and
analyze hardware and software test results to verify the avionics equipments' operational
capability and compatibility as an integrated air vehicle subsystem; and (5) software, referring to
the effort required to design, code, de-bug and document software programs necessary to direct.
the avionics integration test. The software in figure 4-8 is typical for each eiement. When
appropriate the software component may be extended according to the structure shown in figure
4-2.

4.4.2.2 Operational test and evaluation. The operational test and evaluation element refers to
that tcst and e,.valuation conducted by agencies other than the developing command to assess the
prospective system's military utility, operational effectiveness, operational suitability, logistics
support:•uii'y (incuaing compatibility, inter-operability, reliability, maintainability, logistic
requirements, etc.), cost of ownership, and need for any modifications. Initial operational test
and evaluation conducted during the development of a weapon system will be included in this
element. This element encompasses such tests as system demonstration, flight tests, sea trials,
mobility demonstrations, on-orbit tests, spin demonstration, stability tests, qualification
operational test and evaluation (QOT&E), etc., and support thereto, required to prove the
operational capability of the deliverable system. It includes contractor support (e.g., technical
assistance, maintenance, labor, material etc.) consumed during this phase of testing. It also
includes performing the logistics testing efforts to evaluate the achievement of supportability
goals; the adequacy of the support for the system. c.g., deliverable maintenance tools, test
equipment, technical publications, maintenance instructions, and personnel skills and training
requirements.

4.4.2.3 Mock-ups. The mock-ups element refers to-the design engineering and production of
system or subsystem mock-ups which have special contractual or engineering significance, or
whici are not required solely for the conduct of one of the above elements of testing.

4.4.2.4 Test and evaluation support. The test and evaluation support element refers to all
support elements necessary to operate and mainain systems and subsystems during test and
evaluation which are not consumed during the testing phase and are not allocated tc a specific
phase of testing. This element includes, i.e., repairable spares, repair of repairables, repair parts,
warehousing and distribution of spares and repair parts, test and support equipment, test bed
vehicles, drones, surveillance aircraft, tracking vessels, contractor technical support, etc., not
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allocated to preceding test and evaluation elements. Operational and maintenance personnel,
consumables, special fixtures, special instrumentation, etc., which are utilized and/or consumed in
a single flement of Lesting and which should, therefore, be included under that element of testing
are excluded.

4.4.2.5 Test facilities. The test facilities element refers to those special test facilities required
for performance of the various developmental tests necessary to prove the design and reliability of
the system or subsystem. Trh~s element includes, i.e., test tank test fixtures, propulsion test
fixtures, white rooms, test chambers, etc. The brick-and-mortar-type facilities identified as
industrial facilities are excluded.

4.4.3 Tr-aiiing. The training element (figure 4-9) is defined as the deliverable training
services, devices, accessories, aids, equipment, and parts used to facilitate instruc:ion through
which personnel will acquire sufficient concepts, skills, and aptitudes to operate and maintain the
system with maximum efficiency. This element includes all effort associated with the design,
development, and production of deliverable training equipment as well as the execution of
training services. This element and its sub-elements specifically exclude the overall planning,
management, and task analysis function inherent in the WBS elemen: systems engineering!
management.

4.4-3.1 Software training services, equipment, and facilities. This element refers to the
training services, special devices, equipment and facilities used to conduct instruction through
which personnel will acquire sufficient concepts, skills, and aptitudes to operate and maintain the
software portion of the system. This element includes the material, courses, and associated
documentation development necessary to accomplish the contracted for objective of training,
(primarily the computer software, courses, training aids, developed or constructed solely for the
training mission). It encompasses the materials used for the purpose of acquainting the trainees
with the system and equipment or establishing trainee proficiency. This clement specifically
excludes the deliverable training data associated with the WBS element, Support Data.
Representative activities end deliverables are as follows:

Activities:

"* Preparation and conduct of the following:
"o Software. instaliation training.
"* Operational training involving host and target execution environment.

"• Maintenance training involving the incorporation of software updates or changes.

* Training services provided for teaching software functional architecture.

* Development of unique training equipment.

Deliverables: Formal deliverables are specified in DD Form 1423.
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"* Training course and curriculum outlines.
"* Instruction guides.

* Program of instruction (POI).

* Audio visual aids.

* Classroom training.

• Unique training devices.

(For the formal deliverables, costs associated with the administrative preparation, review, and

distribution are excluded. These costs are included in the appropriate data WBS elements.)

FIGURE 4.9. Training WBS

4.4.4 Data. The data element (figure 4-10) refers to all deliverable data required to be listed
on a Contract Data Requirements List, DD Form 1423. The data requirements will be selected
from the DoD Index of Specification and Standards (DODISS) and Acquisition Management
Systems and Data Requirements Control List (AMSDL). This element includes only such effort
that can be reduced or will not be incurred if the data item is eliminated. If the data are
government peculiar, include the efforts for acquiring, writing, assembling, reproducing,
packaging and shipping. Also included is the effort to transform, reproduce and ship data identical
to that used by the contractor, but required in a different format by the Government.
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FIGURE 4.10. Data WBS

4.4.4.1 Software-related data. Software data refers to all required software-related
documentation listed in DD Form 1423. I. includes all data requirements in accordance with

DOD-STD-2167A, and DOD-STD-1]467, or other applicable standards tailored for the particular

program. The cost data collected for this element are associated only with the preparation and
review of documentation and do not include the efforts such as design, requirements analysis, and

coding required in development of the software. Representative activities and deliverables are as

follows:

Activities:
"* Administrative efforts required to collect, review, prepare, and duplicate deliverable

data in the format specified in appropriate Data Item Descriptions (DIDs).
"* Administrative efforts required to comiplete and provide deliverable data to the

Government in accordance with pertinent DIDs.

Deliverables: Formal deliverables are specified In DD Form 1423. Four examples of
categories of data are shown below.

"* Technical Publications: The technical publication element refers to those formal
technical orders and manuals developed under the software development project.

" Engineering Data: The engineering data element refers to those engineering drawings,
notes, and specifications produced during the project.

" Management Data: The management data element refers to those data items necessary
for configuration management and cost, schedule, and project management
undertaken during the project.

Support Data: The support data element refers to those data items designed to
document the logistics support planning.
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4.4.4.2 Data depository. The data depository element is defined as a facility designated to act
as custodian in establishing and maintaining a master engineering specification and drawing
depository service for government approved documents that awe the property of the U.S.
Government. This element represents P distinct entity of its own and includes all effort of
drafting, clerical, filing, etc.; required to provide the service. As custodian for the government,
the contractor is authorized by approved change orders to maintain these master documents at the
latest approved revision level. When documentation is called for on a given item of data retained
in the depository, the charges (if charged as direct) will be to the appropriate data element. All
similar effort for the contractor's internal specification and drawing cortrol system, in support of
its engineering and production activities, is excluded. The software data library is a repository for
all software design records, documentation, source code, object code, and executable code
associated with the defense system, produced and maintained during development (that ;s, the
software development library) and throughout sustainment. Representative activities and
deliverables are as follows:

Activities:
"• Operation and maintenance of the software data library (including the software

development library).
"• Construction, modification, or expansion of the software data library

Deliverables: Formal deliverables are specified in DD Form 1423.
"* Software data library content listing.
"* Printed, microfilm, or magnetic media copies of documents, as required.

4.4.5 Peculiar support equipment. The peculiar support equipment element (figure 4-11) is
defined to include the design, development, and production of those deliverable items and
associated software required to support and maintain the system or portions of the system while
not directly engaged in the performance of its mission, and which have application peculiar to a
given defense materiel item. This element and its sub-elements specifically exclude the overall
planning, management and task analysis functions inherent in the work breakdown structure
element system engineering/program management, and common support equipment presently in
the DoD inventory or commercially common within the industry which is bought by the using
command and not by the acquiring command.

4.4.5.1 Support and handling equipment. The peculiar support and handling equipment
element is defined as the deliverable tools and handling equipment used for support of the mission
system, including the software. It typically includes ground support equipment, vehicular support
equipment, powered support equipment, non-powered support equipment, munitions material
handling equipment, materie! handling equipment. This element includes i.e., the Life Cycle
Software Support Environment (LCSSE) required to maintain the mission software. Included as
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an integral part of the. LOSSE is any production or acquisition of duplicate or modified
prcgramming support environments, test and emuintion equipment delivered to the procuring
activity for use in maintaining the software.

fHardwwete Software awrSktee

Nomnponentl Lcmpwt Comnpotntn fComnpwinln

FIGURE 4-11. Peculiar support --quipment WPS

Life cycle software support environment refers to all curnpuicr hardware and support software
that is specifically developed or purchased commercially to aid the main~tenance of the prime
mission software. Included in this element, e.g., are compiler.ý, loader, CASE tcols, licenses, an~d
other computer resources and utilities that are determined to be essential to support the software.
If these items are acquired to develop the initial software and later !he s~ame items are to be
provided to the procuring activity for post deployment software support, the associated cos;, will
be included in the cost of producing the PMP and subsystem software. The structure. shown in
figure 4-2 should be used when it is desired to collect lo Yer level information.

4A.4..2 Test and mcasurflmenst equipment. This element is defined a,,, peculiar or unique
*.es~ing and measurement equipment which zlows an opcrator or maintenance function to
evaiuate operational wonditions of a system or equipment by performing specific diagnostics,
screening or quality aissurance effort at an organizational, intermediate, or depot level of
eqi,,ipment support. It includes test measuremeni and diagnostic equipment, precision measuring
oq, ipmcnt, autornatic test equipmen:, dianual test equipment, automatic test systems, test
program sets, atppropriite interconncct devints, autumated load modules, tap(s) and related
sof~ware, fimiware and support hardware (pow.er supply equipment, etc.) used at all levels of
maimnerance. It in~cludes packages which enab~le line or shop replaceable unit, printed circuit
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boards, or similar items to be diagnosed using automated test equipment. The structure shown in
figure 4•2 should be used when it is desired to collect lower level information.

4.4,6 Operational/site activation. The operational/site activation element (figure 4-12)
refers to the real estate, construction, conversion, utilities, and equipment to provide all facilities
required !o house, service, and launch prime mission equipment at the organizational and
intermediat-, level. This element includes conversion of site, ship, or vehicle; system assembly,
checkout, and installation (of mission ar d support equipment) into site facility or ship to achieve
operatioual stawus. It also includes conractor support in relation to operational/site activation.
This element includes efforts associated with operational/site activation of software maintenance
and enhano,. ,nents by the contractor based on software problem change reports and activities
required for ,he release of new software build/versions as dep;cted if figure 4-2.

L.Opei'on1*il~1 Otvationj

7 Cntectrca ITvsterain, n
7"~ec hnic~aI •:] nstalation, a~

t~Support ~ jheci~out or, Site

FIGURE 4-12. Operational /site activationi WBS

4.4.6.1 Contractor technical support. The contractor technical support element refers to
all materials and services provided by the contractor related to activation. This element includes
repair of repairables, standby services, final turnover, etc. This also includes all efforts required to
ensure that implemented and fielded software continues to fully support the operational mission
of the software. This support begins once the baseline has been Ercepted by the procuring activity
and continues until the responsibility for the support is transitioned to the Government software
support activity. This element becomes critically important and its use more widely applied
when softwaie is developed under the ro~icept of evolutionary, incremental or "build a little, test a
little and fi1aa little'"_-Additional guidance relating to software suppoai concepts, procedures,
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and activi~es is detailed in MIL-MDBSK-3417. When software is being developed or maintaincd, it
migy be appropriate to collect lower level information when it exists. 'The structure shown in
figure 4-2 and defluitions should be used.

4.4.6,2 System assembly, Installation, and checkwil on site. The system, &.ssembly,
installation, and c-heckout on site element refers to the materials and services involved in the
assenibly of mission equipment at the site. This eiemneni includes; L~e., installation of mission arid
support equipment, operatior~s, or support facilities; and complete system checkout or shakedown
to insure achievement of operational status. Where appropriate, specify by site/ship or vehicle. As
shown in figure 4.13, this element refers to the software product logistics suppocrt activities for
the release of new software versions~ providing enhancements or coniections to deficiencies.
Support activities also includie tihe functions related to procurement, replication, distributjion, and
installation o! technical materiel, !o software media, and to per.,;onnel su.pport req',iired for the
software version release.

nsalatun, and
Chkout on S1.o

LRettonation CPe

CPM - Con'p't0& Pr~grarn Media

F'GUflE 4~Z.System? assembly, installation, and checkout con site lower levels

4.4.6.2.1 Comnputer pm-Rin media preparatioiA & checkout. The com.-putcr program media
eltmtmt i~ncludes all activities required to produce the deliv(-ry packages, e.g., fabrication or initial
produ~ction, implication or reprograir& 'ng, chec'k-out, anid disli ibution of the approved software
versirý in ail ro-quired deliverable ib!-ms of magnietic mnedia, paper copy, and O~rmwarf. memory
devices that were dupiiz-ated or modified. This element txciudeý; the initial development of the
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CPM. The initial effort and costs are associated with the integration assembly, test and checkout
oft he PMFR Representative activities include the foilowing:

* Production and check-out of all delivery media package items.
* Delivery coordinavion and distribution database maintenance.
* Coordination with hardware component modification efforts.
* Preparation of media installation instructions and version release user's guide.

4.4.6..2 Field support. Field support refers to the activities that assist field personnel (if
necessary) in accomplishing successful program loading, updating, and operation of the new
software version for the associated fielded defense system. This element includes activities
associated with nny problems and resolutions encountered, or training to the user community, arz a
result of the software change release package. Representative activities include the following:

* Computer program media installation.

* Providing support during field exercises.
, User instruction and instructor delta training for new functional capabilities, man-

machine interfaces, and computer-aided instructior software.
* Identifying and resolving computer program media data relea,,e package

discrepancies.

0 Resupply of computer program media.

4.4.7 Industrial facilities. The industrial facilities elem_.nt (figure 4.14) refers to the
construction, conversion, or expansion of industrial facilities for production, inventory, and
contractor depot maintenance (i.e., Post Deployment Software Support Activities) required by
one or more suppliers for the specific system. This element includes; i.e., equipment acquisition,
or modernization, where applicable, and maintenance of the atove facilities or equipment. This
element also includes all facilty resource requirements associated with the software support
activity (i.e., the expansion and modernization costs associated with maintaining the software
facility and system test bed and with operating the LCSSE. This element excludes the acquisition
cost of the LCSSE.
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FIGURE 4-14. Industrial facilities WBS

4.4. Initial spares and repair parts. Initial spares and repair parts element is defined as the
deliverable spare components, assembly and subassemolies used for initial replacement purposes
in the materie! system equipment end item. This element includes the repairable spares and repair
parts required as initial stockage to support and maintain newly fielded systems or subsystems
during the initial phase of service, including pipeline quantities, at all levels of maintenance and
support. This element excludes development test spares and spares provided specifically for use
during installation, assembly and checkout on site.

4.S WBS relationship to program and risk management. When extending the WBS with
emphasis on software, the developer is not precluded from decomposing software beyond the
CSCI element identified in MIL-STD-881B into design entities. The approach presented here for
software is consistent with the DoD Cost/Schedule Control System Criteria (C/SCSC)
requirements and with the Cost Performance Reports and the Cost/Schedule Status Report. The
C/SCSC and related reports use the work breakdown structure as defined in the contract and
extended by the contractor. A cost account manager is typically assigned at the point where the
contractor organization and WBS intersect. The cost account manager generally builds work
packages and typically has the responsibility of managing, monitoring and reporting variances.
The iesulling combination of well defined, short timespan work packages, estimate refinements,
and status report monitoring provides vital management visibility into a program, increasing the
chance of success. A correctly developed WBS and contractor performance measurement
baseline with timely reviews reduces risk.
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Risk management can be further enhanced by using the earned value performance
management concept. Earned value is an objective measure of how much work has been
accomplished. Without earned value, one can only compare how much has been spent with what
was planned to be spent, with no objective indication of how much of the planned work was
actually accomplished. Comparison between earned value (i.e., Budgeted Cost for Work
Performed (BCWP)) and planned value (i.e., Budgeted Cost for Work Scheduled (BCWS))
provides an indication of whether or not schedule is being maintained. Comparison of earned
value and actual costs (i.e., Actual Cost of Work Performed (ACWP)) provides information on
whether costs are overrunning or underrunning. In turn, such comparisons allow trend analyses
and evaluation of estimated costs at completion for all levels of the contract.

Earned value measurement requires a good Performance Measurement Baseline (PMB). A
PMB is a time-phased budget plan against which performance is measured. The key to a good
PMB is scheduling work in a way that is compatible with risk and meaningful in terms of the
program milestones and technical requirements.

Since software is primarily a labor intensive, people oriented activity, cost and schedule
........ d"'. airectly to manpower loading. Manpower loading deviations from the

plan are typically an early indicator of problems. Estimate updates utilizing the information
collected and associated with identified characteristics (suggested guidance is given in Appendix
B) provide a way of forecasting future performance. Thus, comparing the performance efficiency
experienced to date with the remaining work budgets and estimates to complete provides an
independent check of the reasonableness of the remaining Budgeted Cost for Work Scheduled
(BCWS) and the projected final cost of the project. For a more detailed discussion of these
concepts, see the Cost Schedule Control Systems Criteria Joint Implementation Guide.

4.5.1 Contract reporting considerations. Care must be exercised in establishing a
reasonable WBS level for repQrting to the government. Each lower level increases the number of
reporting elements, with a commensurate increase in reporting burden and cost. Except for high-
cost or high-risk elements and known problem areas, the ievel selected should usually be no lower
than Contract Work Breakdown Structure (CWBS) CSCI level. Appropriate reporting elements
below the CSCI level should be negotiated for each contract. While this handbook establishes a
common framework for defining elements below the CSCI, ii is not to be interpreted as a mandate
to require routine reporting at or below the CSCI level.
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APPENDIX A

PREPARATION GUIDANCE FOR

WORK BREAKDOWN STRUCTURE ELEMENTS FOR SOFTWARE

10. GENERAL.

10.1 Scope. The purpose of this appendix is to identify the importance of collecting software
costs; discuss software costs reporting objectives and cost reporting; and provide examples of
work breakdown structure for software as it relates to defense weapon system and Automated
Information System (AIS) programs and contract formulation. The information contained herein
is intended for guidance in compiling software cost data to satisfy applicable standards and
acquisition policy. The procedures outlined in this Appendix are what is typically used by the
DoD. MIL-STD-881B is the primary source for developing a WBS. The overall WBS
acquisition strategy is developed relying heavily on MIL-STD-881B, specifically section II,
user's guide.

i6.i Coliecting software cost. It has been widely recognized that a majority of cobt overruns
encountered on systems with embedded computers are associated with the software. Software
development time and cost most often exceed estimates by significant amounts. Lack of software-
zpecific guidelines on cost tracking by the Government coupled with gross, lump-sum estimation
of the software development cost as a whole by the contractor and bundling of software
developrment costs into total system development costs has generated risk and management
problems that a Work Breakdown Structure for Software will reduce. When software is
considered to be a major category of cost, the contract should be written to ensure software is
managed properly and that adequate software cost reporting is obtained. In view of software's
increasing importance, contractors should be encouraged to adopt state-of-the-practices in
software development, incorporating those practices into their management control and reporting
systems.

The WBS approach permits the developer and maintainer to focus on the end products.
Implementing proven methods of statistical process control at the measuring points identified by
the WBS will permit management to identify insufficient resources, inefficient segments in the
process, and other deficiencies both in the functional areas and in the development process.
Implementing adequate management control systems cost and schedule and cost performance
reporting, can enable an organization to influence its destiny and profits by managing its
performance and productivity.
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20. APPLICABLE DOCUMENTS. Guidance regarding cost/schedule control systems
criteria information and instructions for preparing the various related reports are detailed in the
references listed in section 2.1.2, Other Government documents, drawings, and publications.

30. PREPARATION INSTRUCTIONS

30.1 Pre Request for Proposal (RFP) Release.

30.1.1 Acquisition plan. During the preparation of the acquisition plan, the procuring activity
normally will identify both the cost reporting items that will be required in each contract and the
contract WBS elements to be reported against. Although cost reporting data requirements are
established during the preparation of the procurement package, it is prudent practice to consider
these requirements during acquisition planning. Figure A-1 provides a cost reporting chronology
which lists activities required from acquisition planning through contract award. As part of this
effort the procuring activity will prepare a Contractor Cost Data Reporting (CCDR) plan. This
involves assignment of cost reporting needs and selection of the data elements that will be
reported against in the particular reports. If further guidance or clarification is required, the Cost
Analysis Activity can assist with cost report selection and the completion of the CCDR plan. The
.)U±1tV~1C 3UPPUIL tL-Aivity is prepared to assist in developing the WBS including the software
related elements.

30.1.2 Data call and solicitation data review board. During this next phase, the procuring
activity must coordinate the data call with the Software Support Activity and the Cost Analysis
Activity. The Software Support Activity can provide assistance in updating the WBS and the
associated software elements, described in Section 4, which should be included in the Statement
of Work (SOW). The Cost Analysis Activity has sample Contract Data Requirements Lists
(CDRLs), DD Form 1423, and Statements of Work (SOWs) available. The Cost Analysis Activity
can also provide assistance in developing contract peculiar clauses.

30.13 Identify software WBS elements. The next step is to identify those sub-systems in
which software will be a critical or high risk item. Software is identified in two ways for the
development of a work breakdown structure: (1) that which is part of the defense system/sub-
system it supports, and (2) that which is stand alone (defense materiel items which have fully
automated capabilities) and may support its own program or contract work breakdown structure.
Figures A-2, A-3 and A-4 provide examples of how software should be addressed as part of the
defense system/sub-system sad as a stand alone pure software development/upgrade effort. The
WBS for stand alone software system refers to the aggregation of software and appropriate
common WBS elements required to develop and to produce a software capability for a command
and control system, radar, stock point system and information system, etc,
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30.1.4 Sample work breakdown structure.

30.1.4.1 Weapon system. For this example, the Navigation Guidance element is brokcn out as a
separate item in accordance, with appendix B (Electronics/Automated Software System) of MIL-
STD-881B anti augmented with software WBS elements discussed in this handbook, refer to
Figure A-2.

30.1.4.2 Automated information system (AIS). For this example, a Command and Control AIS
system is chosen, ref:r to Figure A-3. The Command and Control Automated Information
System is broken out in accordance with Appendix B (Elertronics/Automated Software System)
of MIL-STD-881B and augmented with software WBS elements discussed in this handbook.

30.1.4.3 Stand alone software system. For this examp!e, refer to Figure A-4, a supply system
utilized by supply centers and depots is chosen. Since hardware was not part of the acquisition,
the software system is the Primary Mission Product. This handbook will be used for acquisitions
where the PMP is the software or software system and no hardware is included in the acquisition.

30.1.5 Correlate WBS to draft statement of work (SOW) and draft contract. The WBS

development should be developed hand-in-hand with the draft SOW and the draft contract. A
matrix should be developed which shows relationships between the WBS, the SOW, and the
contract line item number (CLIN) structure. Another important part of the draft RFP which is
related to the WBS is Instructions to Offeror. Within these :instructions, the program office should
explain which WBS items are mandatory, which items need to be extended, and what minimum
level of break-out is required. The instructions should also include the requirement for the offeror
to provide a matrix as described above.

An example of wording to include in the Instructions for Offeror is:

"Costs shall be broken out by WBS elements IA W the attached WBS. Offeror shall extend the WBS
to the lowest level necessary to justify cost estimates. Offeror shall provide a matrix which
correlates WBS elements with SOW tasks and the CLIN structure. These instructions apply only
for proposal preparation and submission, they do not establish cost reporting requirements for
post contract award efforts."

30.1.6 Tie the WBS to the cost/schedule reporting requirements. Work with the contracting
officer, data manager and local cost analysis activity to ensuare !hat the appropriate contrac,

clauses and data items are tailored to reflect your information needs. Reference Contractor Cost
Data Reporting pamphlet (AFLCP 800-15, AFSCP 800-15, AMC-P 715-8, NAVMAT F-52411)
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for specific guidance. Remember you should be requiring only the minimum amount of re porting
necessary to achieve effective management control. Per MIL-STD-881 B, "... routine ::.porting is
at level 3 of the contract WBS or higher, except for high-cost, high-risk, or other high-interest
elements that are at lower levels." If a particular software itein is not high-cost, high-risk, or high-
interest, level 3 reporting should suffice. On the other hand, if the, software item falls into one cf
the "high" categories, the program office. must decide how low a level of reporting is necessary.
Appendix B is a suggested approach which can provide the necessary parametric data and
characteristics or attributes to perform c.ost estimates. These. estimates can then be related io the
WBS.SW to provide management insight into the SW development effort. In tuln, actual
information collected at the WBS.SW elements can be used to cajilbrate estimates for future
efforts.

30.1.7 Send out a draft solicitation. After completing the above steps, and if time permits, send
out a draft RFP for comments. This wiil provide the program office with feedback from industry
regarding the WBS and reporting requirements.

30.2 Final solicitation preparation. Incorporate appropriate feedback from the draft
solicitation, conduct appropriate coordination and reviews and distribute the finas solicitation.

30.3 Proposal acceptance and source selection. In response to the program WBS, which
includes the WBS.SW, contained in the Government so!icitawion, the contractor provides the
contract WBS. The contract WBS identifies the framework for reporting program cost, schedule,
anu technical performance. The contrator will use this proposed WBS, including the Wi3S.SW,
and expand it to lower ievels. This provides Government software managers with a basis for
uniform planning and reporting status. This also provides input which will be used for preparing
the Cost Performance Repoi-t (CPR) and/or the Cost/Schedule Status Report (C/SSR).

30.4 Contract award. During contract negotiations, the WBS may be changed from the initial
input. The firzal WBS is negotiated and incorporated into the contract. On c:ompiedon of contract
negodiation, the CCDR plan becomes the defining document for the exchimge of cost data
information. Refer to DODI. 5000.2 for specific guidance for pieparing the CCDR plan.
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30.S Software element Identifier. During reporting. to facilitate the roll-up of software cost
data, an identifier tot software related items is recommended. For examp!e, the letter "SW" can
be usexd as an extension to the reporting element number, as shown in Figure A-5. This is further

expicined in MIL-STD-881B, Urer's Guide Section II, paragraph 5.6.

FIGURE A.S. Software eleiment idenitifier
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APPENDIX B~

SOFTWARE CHARACTERISTiCS DATA COLLECTION

10. GENERAL

10.1 Scope. This appendix provides sggtteý giiidank'c for collecting dat'& on project
char&pctlris ties related to project size, complpktity, !uncf'Jons, sohedule and level of effort. Suftwru-
-characteristics identified i n this appendixc ae an t-ppropriat-- set of fccuced dzta items tha:
characterize the softwar.- being de-veloped. Thesto charazterisitice prov~iitt valuablcd~ata, which
whien collectred and anialyze.. by t~ie programn manager (both govermment and industry),.r:c.inforces
M~nagemen: indicr~iors w'th credible software resource comnsumptioa emtinates. The inioriiation
containzd herein is intended for guidance only.

10.2 Information. This appendix provides a ,uggtsted project questionrinire which nay tz u~sed
for collecting the project characteriztic- data. This !nfoirnaini,' --. important for providing pro9icc
related da,,a neccssary to improve softwz're acquisitior planning, cost estimating, and cost
estimIating model calibration, The qjuestionnaire, Software Parametric Vawa Go0lection Ykirm.
follog,cs tlht appendix. This form is kitended to be tailortd. All intorma1tion shoula NOT be
required of all projects at all tinitcs. The S~ftware characleristic-s identified suppca, iaPwt tý most
c..ot,t and sc~hed~ule estimatiorn tuols.

20. APPLICAELE DOCUMENTS. This section is not applicable to th-.s appen~dix.

30. Project/Computer Softwa~re Conflguratiotn lkte- (CSCI) Questionnaire Report. The
Pro ' ect/CSCV Questionnaimt Report is contain~ed on the fol lowing pages, The questions asked
addreqs both project rptwific data and CSCI(s) specific d&!a.

30.1 Data maturity. As the pipiect -natures the software charac~teristic data colle~cted/siubmiited
are increasingly credible. Estimated respons~es should b-. indicated with an astcrisk on the
questi.,nnaire.

4C. Who needis the Dati. Tle r'oftwarc characterist.ics data 'cole'rted provides informa'.ion
requireC, by cost/performar.Ce R0alysts, rroiect softwaire personnel, and project management
personnel. The data cai, b-- used to continuously monitor and manage sniflware development c~ost
ead scheduile.

5O. When to collect the data. Tb; iruquenicy at whi.':h the infoi~nation is to be. collected should be
determined by the procu.-ing activity based or, among others, the followirg criteria:

a. Risk (technical and mainagement)
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b. Schedule copstraint
,-, CL.,t conwtcaint

d. Ant.ipat, requikeimnu vulatilkty

SO1 Minrnium reptr|tng frcquberpcy. The data or sub-set may be collected during any point of the
contract period of pertormance.. However, it iz . ug.e.-'.ed that at a minimum this data be collected:

,i. Tu back ip cost prop,.;As ;-r soitware costs.

b. At major software milestor,, rev;ews sxi:h es Prcliminay Design Review
(1WP.), Crizic'a Desir'n Rtview; (CtR)...etc., to be utilized by the proiuring activity to
update estimates of cost and sr.*edult.

c. At the 'nd of th. contfact hs historicHl dt, a. The software characteristics data
witl be use.d to improve future soflwarl: acquisition planning, co.st estimating, and cost
model calibrntiorn.

5O.! Statenent if Wctrk (SOW) input. The oata to be collected can be specified as a deiiverable
(DD Form 3 423) in the contents of the SOW. It is suggested that DI-MISC-80048 Scientific &
fccnnical Report Summary be used to providn this informrtion
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PROJECT / CSCI QUESTIONNAIRE REPORT

0-;ERA NFRMATION

Complete this form to the test of your ability for the project in question. If the question is

not applicabie, please mark it N/A. If you don't know the answer, leave it blank.

1. Fiomr or organization:___

Addres3: .... . ..... _ _ _ _

2. Contrmcn number_.

3. Customer name:

4. Project ov.erview description: (Should describe the CSCI being developed)

"Ib include: Functionality expected impact of integrating COTS.

CrSCI - Computer Software Configuration Item

Software Parametric Data Collection Form 1 of 9



A - PROJECT DESCRIPTION

1, Applications domain
1,i Aulomation (I Business
[ Command & Control [ Communications
[ Signal processing [] Test systems
[ Trainers []Avionica
[ Interface systems fGraphic, image processing

[]Data processing [ Environments(Ibols
[ Production control [ Support Software
[IProem a ontrol !]Scintific
[ Robotica/Mechanical [ Unmanned flight

i Manned Flight []Other

2. Complexity
a. Rate The Difficulty Of Processing Logic

[ Simple processing logic, stmight-forward I/O [ Difficult highly nesied logic, real-time processing

[ Routine nesting, minimal interface with Operating [ Complex dynamic resource allocation, multiple

systems, standard 1/0 exception handlers, recursion

b. Mathematical Complexity

I I Simple algorithms and simple calculations I I Majority of simple algorithms and calculations

i J AJgonraims and calculations of average complexity [ Some difficult or complex calculations

I I Many difficult algorithms and complex calculations [ Not Applicable
c. List the percent of total source code allocated to each of the following operational timing requirements:

Real-Time % On-line %

Time-Constrained _ Non-Time-Critical %
d. Database Complexity

Simple data, few variables, low complexity L Simple, numerous variables

[ Multiple files, fields and data interactions [ Comples file structure
[ Highly complex

3. Reliability
a. Most serious effect of a software failure

[j Lnconvenience i EAmily- recoverable loss

[Lcsso of human life L]Moderate loss
Major firancial Ious

b. Backupftiecovery considerations

[3 Data protection beyond regular cIwrutp required [ No special backup requirements
t I Alternative methods need to be developed in cas of software failuum

4. Is this the first system of its kind for your organization ?
Yi Ye [ No

Software Parametric Data Collection Form 2 of 9



5. Security LevlI
What ame the security mqutrements on the development and on ihe target computing environmnt?

[)IClan 13[(1 B2[J)c1 (j] B3

t J C2 ( Clas Al
[JBI [ J Other
[I None

6. Reused Code
a. Logical Complexity of Reused Code:

J I Simple algoridhms and simple calculations [ I Majority of simple algorithms and calculatioxs

AlJSorthms and calculations of average complexity [] Some difficult or complex calculations

Many difficult algorithms and omplex calculations [ No muse

b. StructtnI Complexity of Reused Code:
[ Nonprocedural (generated, query, spreadsheets, etc.) [ Well at'ucuired with resable modules

[]Well structurod (small moduleb and simple paths) []FAir stmcture but somc complex paths and modules
[ Poor structure with mrny complex paths and modules

c. Database Complexity
[ Simple date with few variables and little complexity [ Several dais elementi but simple Jata relationships

S'",";, •files, fields, and data interactions [ Complex data elements and complex dat interactions

[] Very cmplex dant elements and data inmrnctions

d. Select the intended use of the majority of ther software packaged for reuse.:
[ None [ Reuse within single mission products
(1 Reuse actoss single product line. Reuse in any application
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B - DEVELOPMENT METHODOLOGY

1. Milestones
Enter the expected and actual dvies for ý.ach milestone below or N/A if the milestone does not apply to this
project, If an expeccted date is an zsfirated date rather than a contract date, put an asterisk after that date.
Provide this data for each incremental development.

Mfilestonc Expected Actual

Da~c Date
Ptcjoct Stan Date
System Requirements Review (SRR~)
System Design Review (SDR)- --

Software Spercifiction Re view (SSR)- - -

System Hardware Preliminary Design Review(PDR) -

System Software Preliminary DL~gn Review(PDR)
System Hardware Critical Design Revidw (CDR) -

System Software Critical Design Review (CDR) -

Test Readiness Review (TRR)----
Fupeýtonal Configuration Audit (FCA) -

Physical Configuration Aui~dt (PCA) -

Formal Qualification Review (FOR) -

Operational Test and Evaluation (0Th) -

Project Completion Date

2. Schedule

a. Select the schedule and staffing cor'straints that best dtscribe this dcvelopment:
(]Normal dverage schedule, effoct, and quality I] Shortes! dfvelopment sch-dule, extra staiffing
(JLaoest cost with reduced staffing (JHighest quality and rctt.sbiliry
IIShortest schedule with high qjuality and reliability ]Match siafT size; -../iL normal devclopment

Match staff size; with shortest iscl'dale ]Malsh stfff size; with very high quality

3. Development paradigm employed (check all thit apply):
Wsterfall development [ I Increments; development

(JPhased builds [ J Spiral develc-pment
R~apid prototpirg JPilot deve'opment

[JOther _________________

4. Software Re-views
a. Select 311 informal reviews held on the software during this development:

fJDesign walkthroughs [1Lloign inspectioni;
Code ~alicthroughs ]Code inspections

[Other-

Software Parametric Data Collection Form 4 of 9
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5. System/Software Roquiremems
a. Select the option that cormrspoixs to the level of defflition and understanding o systcm requircment;:

[ ] Vewy little defntition and undetsmanding of sysio-m [ Quesdtonable defnition and understanding of system

requi rements requirements

1 Fairly complete definition and unduetanding e( [I Very comptle definition end understanding of system

system requiremanis requirements

c. Rate requirements volatility during davelopment:
No changes []Small non-,criict changes

[ I Frequent ncon.ctiecal chAnges Oo[aaional moderate changes

I j Frequent moderate changes [ Many large changes

6. Design
a. Rate the maturity of the design concepts used:

Experimental []Evo!u!.onary

. Statc.of-thc-ar ] Mature

b. Select sny of the following design technologies, strategies, and tools ased:
[I Applications Generaor [ ' Objecz-otiened methods

J CAS.E tools I ] Strucured analysis

[]Relational database (j Query Language (SOL)

[ 4GL or 5GL [j Reuse libraries

j Exception handling [] Front loaded scheduling
[I Mana8gement noolset [ Cost and schedule models

I Database management system J Small up-front design teams

[ Continuous integration via packa., spccificatiot, [I Ads Program Design Language (PDL)

[] Other

7. integraion

Rate the expected level of d.,Xiculty of integrating and testing the CSCIs to the system level:

Very littlc integration, nn %;omplex interfaces [ j Average degree of complexity system integration and

[] Seve:ral system interfaces with some complex interfaces interface

[ Complex, time-intensive system integration process anticipted

Software Parametric Data Collection Form 5 of 9
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C - SOFTWARE SIZE

1. Size EstLnases (indicate. if based on historical data or estlizate, and use ituxber if estimate)

a, Number of software CSZ' in lhi•s ystem.

4.. Select the basis fot size estimates.
[ Thuasnd orfirw Lines ot Code (KSLOCa, (J Carriage XCIuMS

[ ] ctvt PoeLilolwI []Other mr...-]Sths E~~e, igl'a•l, Method

c. Enter the rlutmetd sizing inf utnion below, its thousands of uqa~s

C$CI New Size Rcused Modifled Linguage

S... . , . .t , . . .a IA!

Source Code Type % Coac % New Design % New Code

Oper ting Systems ..-..............................
Interactive Operatons .........-.................
Real-'lme Command & Control ....
On-LUne CQmmruniastioos ....................
D .ita Storage & Retrieva l .............
String M anipu.ation ..........L ....... ........
Ntathetmatical Op retions ......................

Oeher ....................................-...................

3. If the system was sized using function points, provid the following tnadjusted function point information:

a. Number of inputs (unique major data types that enter the sstem):

b. Number of outputs (uniqut. logical major report formats the system will generate):

c. Number of inquirids (types of queries that result in info.rrntioual searches and respanses):

d. Number of exiernal irnerfaces:
e. Number of inernal files (unique logical flies/databases used by the application):

4. Database size (amount of code devoted to database lefflnition amcounts pluse databasse size in memory)

Database size, as a percentage of total program size: % (source ;ines of code)

Software Parametric Data Collection Form 6 of;
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DI- PYIWJECTSAM

, Staff Size

iL. MinImum staff sl~uc

b, Maximum staff size:

2. Staff $S',Ai/Experidnce
a Average Analysts' expcdeincc with similar applicutlons: _ years ..... months

b. Average Programmers' expeuienc with this host machinc' - Myrs months

c. Average Analysts' expcrien.m with chosen development Methodotogy: - _ years months

J Completely new devclopment •ethodology [ ) M;nor experience with deelopment -mthodology

B J Ertsnsivi expet-ckric with dnvelopmen: methodology

d. Average Apalysts' experience with the Developmert lang.tgge: years - - _ monhs
[j ComApetely new development language [J ],urional or training in lasnguage

[]Sune experieinc with developmen., language )J Extensive experienc,, with developmep., language

e. Programmers' Average Ads Envirnmcnt Experience: _ _ years _ months

f, Development organization's experience developing Nhs type of application
[I 7hs spilicetio4t is a new project wA in our current line of business

SThs ppkiolon is a ni'mal development projec that iA pan of our current line of business
I Nh"s oppiiaNcon 4 a familiar type of project having airuway been deveioped by the company before or
similar to owher projets we have developed

1 Many ,ppqlationz of this qyvt hn,,e b:"n ftvoloped by the company (geter tthan 7)
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E - COMPUTER SYSTEM

1. Development Environment

a. Ratt the virtual machine volatility of the development system based on frequency of major/minor changes:
[]12 months (major)/1 montlh (minor) ( 6 months/2 weeks

[]2 montl-W/1 wek 2 w•.nksW days

b. Select the following option that best assesses the etn'idded features of ,the dev•eopment systems:

) Hardware is to bc developed, but its ompletion will occr long before the sftware ib to be ready

[1 Hardware is to be developed on tie contract, it in to be develo-ed con•untly will the software ana
the hardware can/does have major impacts on fth software.

] Hardware is to developed on the contract, it is to be developed concurrently with the wfrware but the

hardware has little impact on the software

[] No new natdware is to be developed und-tr the effortr there will be no impact on the software

development

2. Target Computer Configuration (complete this section only if ;he development sysi-nia differs from

the turget
a. Rete tht virtual machine volatility of the target system, based on naumber of major/rinor changes:

I t 2 mcntas (major)/l month (minor) ] 6 monthz/2 weeks
[ 2 montnsil weeki 1j2 weeks,2 days

b. IdWntify the system architecture:
Centralized (single processor) I Tightly-coupled (multiple processor)

[] Loosely-coupled (multiple prceamr) i] Functional processors communication via a bus
[]Distributed (centralized database) JI Distributed (diotdibuted database)

3. Performance Requirements
a. Main Storage Constraint. Main storage refers to direct random access stotage such as core,

integrated-circuit, or plated-wire storage; it excludes such devices as drums, disks, tapes,or bubble

storage. Indicate the percentage that best reflk:ts the main storage expected to be used by any
sub-systems consuming the main storage resources. _ _ __ %

b. Overall Target Hardware Constraints. Overall hardware refers to processor memory, speed, and throulhput
[ ] Cae to 100% utilizotion
[]Difficult hardware capacity limitations (75% to 90%)

Average hardware capacity limitations (60% to 75%)
No hardware capacity limitations (ess than 60%)
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F - DEVELOPMENT ENVIRONMENT

1. Project Organization
a. Check all of the company organizations included in effort estimations/actuals

[ Systems engineering []User depa,1ment
[]Marketing [] Software development

[ Program management ] Software test

[ Confgumtion management [ Quality assurance
[]Dath management []Indepeadent 'v&V

(]Database administration [ Other

b. Orgawzational Interfvce Complexity
[ Single customer, single interface [ Single customer colocated with developer

[ Multiple internal and external interfaces [ Multiple intterfaces geographically distributed
[ Multiple internal interface, single external interface

c. Multiple site development
[ Single: site and singe organization [ Single site and multiple organizations

[ Multiple sites, same gcneral location [ ] Multiple sites, located 50 miles or more apart

.. - " vsources
Select the percentage of time that the development computer is available for use on this project:

f)10% [40%
[J0% 100% (fully dedicated)
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